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In  th i s  t hes i s  t he  des ign  and  syn thes i s  o f  ch i ra l  l i gands  fo r  t r an -
s . i t i on -me ta l  ca ta l yzed  asymmet r i c  reac t i ons  a re  desc r i bed .  The  focus  l i es
more  on  the  des ign  and  syn thes i s  o f  t he  l i gands ,  ra the r  t han  on  a  w ide
scope  o f  r eac t i ons .  One  reac t i on ,  known  f rom the  l i t e ra tu re ,  t he  c ross -
coup l i ng  o f  r acemic  1 -pheny le thy lmagnes ium ch lo r i de  (1 )  and  v iny l  b rom ide
(2 )  t o  a f f o rd  3 -pheny l -bu tene - l  ( 3 ) ,  was  used  to  t es t  t he  new ly  deve loped
N i c t 2 ( c a t . )
+  B r C H = C H -  +
a  , .  . * ,- t i g a n d  ^  ( c a t . )
l i gands .  ï h i s  reac t i on ,  ca r r i ed  ou t  w i t h  a  ca ta l y t i c  amoun t  o f  N iC l ,  and
a  ca ta l y t i c  amoun t  o f  a  ch i ra l  l i gand ,  may  l ead  to  asymmet r i c  i nduc t i on
in  t he  p roduc t .  Th i s  resu l t s  i n  an  gp6p l i pman i .  êv .êcc  r ro  o  \  o f  one  o f
the two enant iomers,
A  l i t e ra tu re  su rvey  o f  t he  use  o f  o rganometa l l i c  a ta l ys t s  i n  asyn -
me t r i c  syn theses  i s  g i ven  i n  Chap te r  1 .  A  conc lus ion  tha t  can  be  d rawn
immediate ly  f rom th is  is  that  thus far  ch ief ly  ch i ra l  pho. tphinet  or  aní-
noythct 'sphine, t  have been designed,  synthesized and used as l igands for  the
t rans i t i on -me ta l  ca ta l yzed  asymmet r i c  reac t i ons .
S t imu la ted  on  the  one  s ide  by  examp les  d rawn  f rom Na tu re ,  and  on
the  o the r  by  a  des i re  t o  b roaden  the  scope  o f  ava i l ab le  l i gands  we  de -
s igned  some nonphosph ine  l i gands ,  name ly  ch i ra l  mac rocyc les  con ta in ing
seve ra l  he te roa toms  ( su l f u r  and /o r  n i t r ogen ) .  The  syn the t i c  s t ra tegy  to
these  mac rocyc les  p roceeds  v . ra  t he  ces ium sa l t  me thod .  Th i s  me thod ,  us -
i n9  Cs rC0 ,  i n  t he  so l ven t  d ime thy l f o rmamide ,  has  been  used  i n  Chap te r  2 ,
whe re  the  syn thes i s  o f  ( ch i ra l  )  mac rocyc l i c  am ines  (6 )  i s  descn ibed .
Th i s  new syn the t i c  app roach  i s  used  i n  t he  syn thes i s  o f  mac rocyc le
7 .  T h e  m a c r o c y c l e ,  d e s i g n e d  a s  a  n e w  f i g a n d  f o r  p l a t i n u m ,  w a s  d e s i g n e d
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1 7  o l o
, , ,  at  s1. . rurcr , r ,( cH3)2N1-=  
. -À t
compound  B .  The  resu l t s  a re  desc r i bed  i n  Chap te r  3 .
C h a p t e r  4  d e s c r i b e s  t h e  d e s i g n  a n d  s y n t h e s i s  o f  s e v e r a l  c h i r a l  s u l -
f u r  and  su l f u r / n i t r ogen  con ta in ing  l i gands  and  the i r  r esu l t s  i n  t he  asym-
me t r i c  syn thes i s  o f  t he  reac t i on  l ead ing  to  p roduc t  3 .  The  c ruc ia l  r i ng -
c losu re  s tep  i n  t he  syn thes i s  o f  t he  mac rocyc l i c  l i gands  i s  ach ieved  u . ra
the  ces ium sa l t  me thod .  The  new mac rocyc les  a re  chemica . l l y  ve r . y  e f f i c i en t
i n  t h e  n i c k e l - c a t a l y z e d  r e a c t i o n ,  a s  s e e n  f r o m  h i g h  c h e m i c a l  y i e l d s  o f
r e a c t i o n  p r o d u c t ,  a n d  g i v e  e . e . ' s  c o n s i d e r a b l y  h i g h e r  t h a n  t h e i r  o p e n -





f ou r  su l f u r  a toms  w i th in  t he  mac rocyc l i c  f r amework ,  gave  the  h ighes t  e .e .
An  ana l ys i s  o f  a  poss ib le  rou te  t o  t he  enan t i omer  ob ta ined  i n  excess  i n
t h i s  l i g a n d  i n  t h e  c r o s s - c o u p l i n g  r e a c t ' i o n  i s  g i v e n .  C h a p t e r  4  e n d s  w i t h
s o m e  s p e c u l a t i o n s  o f  p o s s i b l e  i m p r o v e m e n t  o f  t h i s  c l a s s  o f  l i g a n d s .
A  need  fo r  more  i ns igh t  i n to  t he  su l f u r - con ta in ing  l i gands  l ed  t o
an  i nves t i ga t i on  o f  l i gands  con ta in ing  th ree  he te roa toms ,  su l f u r ,  n i t r o -
gen ,  and  phospho rus .  S ta r t i ng  f r om the  su l f u r - con ta in ing  am ino  ac ids ,
cys te ine ,  me th ion ine ,  and  homometh ion ine ,  Chap te r  5  desc r i bes  how seve ra l
1  i g a n d s ,  t r i s u b s t i t u t e d  w i t h  d i p h e n y l  p h o s p h i n o ,  d i a l  k y l a m i n o ,  a n d  s u l f i d e
appendages ,  have  been  des igned ,  syn thes i zed ,  and  tes ted .  0p t i ca11y  pu re
homometh ion ine  ( ] 3 ,  n  =  3 ,  R  =  CH3)  was  ob ta ined  f rom racemic  ma te r i a l
v . r -a resolut ion by means of  a pept idase iso lated f rom Ptzudomonas put idcr
o r  vLn  a  ch i ra l  phospho r i c  ac id .  X -Ray  s t ruc tu res  o f  pa i l ad ium w i th
m e t h p h o s  ( 1 4 ,  n  =  2 ,  R  =  C H 3 ) ,  a n d  h o m o m e t h p h o s  ( 1 4 ,  n  =  3 ,  R  =  C H 3 ) ,
es tab l i shed  tha t  t he  t r ans i t i on  me ta l  was  coo rd ina ted  w i th  n i t r ogen  and
phospho rus .  A l l  new  l i gands  gave  nea r ' l y  quan t i t a t i ve  y i e l ds  o f  p roduc t  3
B r  ( C Hz)ro
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i n  t h e  c r o s s - c o u p l i n g  r e a c t i o n .  T h e  o b s e r v a t i o n  o f  i n c r e a s i n g  v a l u e s  f o r
t h e  e . e .  w i t h  i n c r e a s i n g  l e n g t h  o f  t h e  s u l f u r  s i d e  a r m  l e d  u s  t o  p o s t u -
l a t e  a n  i n t r a m o l e c u l a r  s u l f u r  p a r t i c i p a t i o n  i n  t h e  m e c h a n i s m  ) e a d i n g  t o
p roduc t  3 .  The  obse rva t i ons  a re  i n  ag r ^eemen t  w i t h  t heo re t i ca l  ca l cu la -
t i o n s  o n  t h e  " a s s o c i a t i v e  m e c h a n i s m "  f o r  r e d u c t i v e  e l i m i n a t i o n ,  s t u d i e d
by  o the rs .  Homomethphos ,  aga in  des igned  w i th  t he  a ' i d  o f  CPK mode ls ,
t he re fo re ,  no t  on l y  was  o f  g rea t  p rac t i ca l  va lue  ( l ead ing  to  t he  h ighes t
e . e .  e v e r  r e p o r t e d  f o r  t h i s  r e a c t i o n ) ,  b u t  a l s o  p r o v e d  i t s  u s e f u l n e s s  i n
the  unde rs tand ing  o f  some  mechan i s t i c  aspec ts  o f  t he  c ross -coup l i ng  reac -
t i  o n .
T h e  s u c c e s s f u l  d e s i g n  a n d  s y n t h e s i s  o f  c h i r a l  l i g a n d s  f o r  t h i s  n i c k -
e1 -ca ta l yzed  reac t i on  may  be  summar i zed  i n o the r  wo rds ,  pa raph ras ing  a
commerc'i al :
"The  l i gands  were  se lec ted ,  and  so  was  the  me ta l "
-s  s1. - rurcur l ,
's 5-Àu
/ \
^u,"
r 5 5
